In south-central Texas, the amount of streamflow in the Guadalupe River is a primary concern for local and downstream communities because of municipal, agricultural, wildlife, and recreational uses. Understanding the flow paths and rates of exchange between the surface water in the river and the groundwater in the underlying Carrizo-Wilcox aquifer is vital for understanding the water budget and streamflow variations. In areas where the Guadalupe River crosses the CarrizoWilcox aquifer outcrop, the surface-water and groundwater exchanges are not well characterized. Traditional methods to measure these interactions, such as measuring differences in surface-water flows at different locations to infer gains and losses between the locations, are not feasible along this stretch of the Guadalupe River because of upstream dams that cause large daily fluctuations in streamflow. Consequently, the U.S. Geological Survey, in cooperation with the GuadalupeBlanco River Authority, applied geophysical methods in an exploratory study to identify reaches of the river where streamflow gains and losses (surface-water/groundwater exchanges) might be occurring.
Electric Resistivity Tomography and Self-Potential Profiling
The study integrated two geophysical methods-floating electric resistivity tomography (ERT) and floating gradient self-potential (SP) profiling (Ikard and others, 2018) . These geophysical methods measured the voltages between two or more electrodes that were separated by fixed distances and submerged in the river near the water surface. The ERT and SP profiles were measured along approximately 15 kilometers of the Guadalupe River in 2016 by towing instruments behind a boat or attaching them to a kayak ( fig. 1 ). These geophysical methods, signal processing procedures, and resulting datasets are described in detail in others (2017, 2018) . Voltages measured by ERT electrodes can be related to the subsurface geology and electrical resistivity (Reynolds, 1997; Griffiths, 1999) , whereas voltages measured by SP electrodes can be related to water flowing through the geologic materials (Nyquist and Corry, 2002; Revil and others, 2017) . 
Summary of Findings
The ERT profile identified differences in the subsurface hydraulic properties beneath the stream channel bed by mapping differences in electrical resistivity that likely correspond to locations of fine and coarse materials (Griffiths, 1999) . In the upstream part of the study area, the ERT profile indicated that the Carrizo-Wilcox aquifer was present beneath a few meters of alluvium in the streambed, whereas the downstream part of the study area transitioned to more alluvium and channel sands ( fig. 2) . The shift in the ERT profile occurred approximately where the Carrizo-Wilcox aquifer transitions from an outcrop to a subcrop (in other words, is no longer present at the surface) and likely at the beginning of the Reklaw Formation (Baker, 1995) .
Numerical modeling of the SP profile identified subreaches where surface-water/groundwater exchanges were likely occurring (figs. 2 and 3). Where the SP profile was positive, numerical modeling indicated that the SP profile represented a net gain of water to the stream at that location. Conversely, where the SP profile was negative, numerical modeling indicated that the SP profile represented a net loss of water from the stream into the alluvium and channel sands or into the deeper aquifer. The net gain or loss of streamflow in the river channel is most likely the result of a combination of both regional ambient groundwater exchange (where water flows to or from the regional aquifer) and localized hyporheic exchange flow (where water flows into and out of the alluvium and channel sands in the streambed and flood plain within relatively short distances).
The largest surface-water/groundwater interactions appeared to be occurring where the stream flows over the Carrizo-Wilcox aquifer outcrop. Specifically, the SP profile in the first kilometers of the study area (subreach 1) exhibited a strong negative signal (as much as approximately −70 millivolts [mV]), indicative of downwelling of water into the subsurface ( figs. 2 and 3) . At the upstream portion of subreach 2, the SP profile switched to a strong positive signal (as much as approximately +50 mV), indicative of upwelling of water coinciding with the Carrizo-Wilcox aquifer outcrop. The apparent upwelling of water to the stream lessened in subreach 3 (the SP signal was generally less than +10 mV) as the channel becomes more dominated by alluvium and channel sands downstream. The SP profile was relatively neutral in subreach 3 and then increased again at the end of subreach 4 (as much as approximately +30 mV), possibly indicating the transition into the Reklaw Formation, which is the next downstream hydrostratigraphic unit (Baker, 1995; George, 2011) . Numerical modeling of the SP profile also indicated that at some reaches the surface-water/groundwater exchanges might be more influenced by regional ambient groundwater exchange flows, whereas at other reaches localized hyporheic exchange flows might be a larger contributor.
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4,000 6,000 8,000 10,000 12,000 14,000 0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 0 Understanding the dynamics of streamflow gains and losses and the hydrologic connectivity of the stream with the flood plain and underlying aquifers is important for water resource managers to make informed decisions regarding the Guadalupe River. This study demonstrated that floating geoelectric methods can be a powerful tool for providing information (for example, identifying aquifer properties and locating areas of potential gains and losses in streams) in a more expedient and cost-efficient manner compared to traditional surface-water/groundwater exchange methodologies. Future studies could be designed to quantify the flow rates between the surface water and groundwater, as water exchanges can vary based on season, drought or flood conditions, and aquifer hydrologic conditions. Additional studies could also further explore the delineation between possible local and regional aquifer interactions.
